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Strain influence on the behavior of temperature dependences of resistance was studied in the n-type conduc-
tivity GaSh whiskers with tellurium concentration 1.7.10"% em™. Analyzing these dependences in the tempera-
ture range 4.2-30 K strain inducted metal-insulator transition and partial superconductivity were found in the
whiskers. The transverse and longitudinal magnetoresistances for unstrained and strained GaSb whiskers were
also studied in ranges of magnetic field 0-3 T and temperature 1.5-60 K. The effects, such as a superconductivi-
ty and weak anti-localization were observed for unstrained and strained samples. The upper critical zero magnet-
ic fields for superconductivity suppression were obtained in the whiskers. Strain was shown to decrease the su-
perconductivity in GaSb samples. The strain induced splitting of degenerate level on two components with
opposite and parallel spins was found in the n-type conductivity GaSb whiskers due to weak localization and an-

ti-localization effects, respectively.
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1. Introduction

Topological insulators are new type of the quantum ma-
terials defined by prevalence of a gap in energy spectrum.
They also characterized by symmetrically protected sur-
face states within a volumetric gap [1,2]. Various interest-
ing behavior of the topological insulators, especially in
the protected surface states, was studied due to transport
mechanisms [3-7].

Spin-momentums blocked surface states always observe
weak anti-localization (WAL) due to strong spin-orbit in-
teraction [8-9]. Bulk states of 3D topological insulators are
not perfectly isolated even at extremely low temperatures,
as a result they can affect the transport mechanisms. In
contrast to the symmetric protected surface states, the bulk
topological states with intense spin-orbit interaction (SOI)
could cause to WAL or localization depending on condi-
tions of experimental studies [10,11]. Crossover from WAL
to weak localization (WL) of bulk states was shown in the
longitudinal magnetoresistance up to 50 T [10]. The mag-
netoresistance anisotropy with the magnetic field orienta-
tion means the intrinsic SOI in Bi>Ses films. This crosso-
ver in quantum interference effect of bulk states open up
prospects for the creation of nano-scale devices due to the
studies of three-dimensional topological insulators [10].
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The authors of the work [11] proved that the temperature
decreasing leads to WL suppresses the conductivity, but
WAL increases the conductivity at extremely low tempera-
tures. The crossover from WAL to WL was also predicted
and experimentally confirmed due to massless Dirac fer-
mions (surface states of the topological insulator) gain its
mass.

Quantum interference effect could be destroyed by the
magnetic field that gives to increasing cusp-like positive
and negative magnetoconductivity corresponding to WL
and WAL, respectively [11-14]. Therefore, topologically
protected surface states could not be localized in the topo-
logical insulators that is advantage over metals [1,15].

Measurements of the device differential gain in GaAsSh
quantum wells under compressive strain show improvement
of the laser threshold [16]. The biaxial compressive strain
leads to increasing of hole mobility caused by a reduction
their effective mass due to modulation of valence bands in
devices on base GaSb structures [17]. The influence of the
strain created due to the difference between crystalline lat-
tices in heterostructures on the above-described effects is
given in works [18,19]. Strained GaSb whiskers were used
as pressure sensors [20]. The temperature dependent magne-
totransport measurements were shown in the InAs/GaSh
quantum wells. The WAL that dominant spin-orbit relax-
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ation mechanism for low-mobility heterostructures is El-
liott—Yafet, but not Dyakonov—Perel in form of Rashba or
Dresselhaus SOI [19].

The magnetic properties of the InSh whiskers were studi-
ed at low temperatures and magnetic field 0-14 T [21]. The
superconductivity (SC) has been revealed on the magne-
toresistance dependences at temperature lower than 4.2 K
in our previous works for the n-type conductivity GaSh
whiskers doping with tellurium [22]. This effect has also
revealed and investigated at low temperatures in many
structures based on the bismuth [23,24]. The studies of the
magnetoresistance dependences of doped BixSez whiskers
give us the opportunity to reveal the SC and Kondo effect
in weak magnetic fields [24]. We already have established
the week anti-localization model of the n-type conductivity
GaSb whiskers due to the strong spin-orbit interaction in
work [22]. Crossover of the quantum interference effect
from WAL to WL was shown in the GaSb whiskers [25].
Interesting strain induced effect of InSb whiskers as Berry
phase was studied in our previous work [26]. We also pre-
dicted to found the interesting quantum interference effects
in the strained GaSb whiskers.

The aim of the article is studies of strain influence on
the n-type conductivity GaSb whisker longitudinal and
transverse magnetoresistance at weak magnetic fields and
low temperatures 1.5-60 K. SC and WAL were revealed in
the studied samples under strain.

2. Experimental procedure

Object of our studies was n-type conductivity GaSh
whiskers obtained by method of chemical transport reac-
tions. Investigated whiskers were doped with Te during
their growth. GaSb whiskers were selected with the diame-
ter 20-30 um and the length 2-3 mm. Au microwire with
diameter of 10 um was used to create electrical contact to
the samples that form an eutectic with crystal under the
pulsed welding. The pulse welding took place at the sam-
ple heating to temperature of about 500 K with the next
annealing to avoid the local deformations in contact re-
gions. That technique allows measuring whisker resistance
using the four contact scheme along the microcrystal (the
longitudinal resistance). The additional contact was made
to study the galvanomagnetic properties in GaSh samples.
The linear -V characteristics indicated the ohmic contact,
which resistance did not exceed 0.1% of the whisker re-
sistance.

GaSb whiskers were strained due to mounting of the
microcrystal on substrates with a thermal expansion coeffi-
cient different from the GaSbh material. Similar technique
with thermal strain using was shown in n-type conductivity
InSb whiskers by authors of work [26]. Copper substrate
was used to create a uniaxial compressive strain (g =
=-3.81073 rel. units) at temperature 4.2 K. The thermal
compressive strain with a direction <111> was calculated
in GaSh samples in the temperature range 4.2-60 K.

Low-temperature magnetoresistance of GaSbh whiskers
was investigated in the temperature range 1.5-60 K. For
the studies samples were placed in helium cryostat where
crystals were cooled to the temperatures 1.5-4.2 K. Tempera-
ture was measured by thermocouple of Cu-CuFe. The mag-
netic field effect on properties of GaSh whiskers was studied
due to use a Bitter magnet with induction up to 3 T and field
time scanning of 1.75 T/min at temperature 1.5-60 K. The
stabilized electric current through the samples was created
using current source Keithley 224 with current range 1-10 pA
depending on the whisker resistance. Such currents are
known to lead to overheating the samples at very low tem-
peratures [27]. In our experiment we have checked |-V cha-
racteristics of the samples in order to determine the critic
current leading to curve saturation, which indicates in over-
heating the sample. A deviation from line of |-V character-
istics takes place at current exceeding 10 mA. Thus, very
small current (a few pA) were used in the experiment that
hardly results in overheating the charge carriers in the
whiskers. To avoid the effect of parasitic thermo-emf or
contact potential difference the altering current (ac) with
frequency of 20 Hz was also passed through the certain
samples. The same results were obtained in both ac and dc
measurements indicating in the absence of thermo-emf or
contact potential difference.

3.70

(a)

3.45

5.91

5.90]
5.89]
5.88]
3 5.87]
~ 586|

5.85]

5.84
5.83

1 L 1 1 L 1 L 1

L | L
8 12 16 20 24 28
T,K

Fig. 1. Temperature dependences of resistance in unstrained (a)
and strained (b) GaSb samples.
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We have used two geometries of experiment depending
on the direction of applied magnetic field. When a magnetic
field is applied parallel/perpendicular to current direction
in the samples, the longitudinal/transverse magnetoresist-
ance was determined.

3. Experimental results

Temperature dependences of GaSb whiskers resistance
in temperature range 4-30 K were plotted on Figs. 1(a), (b)
for unstrained and strained samples, respectively. As you
can see from the figure, temperature dependence of the
resistance for unstrained whiskers is typical for metallic
samples, however, at temperature 4.2 K a straight drop of
the resistance occurs, which is probably connected with par-
tial SC of the whiskers. It is obvious that strain influences
the whiskers resistance substantially. Firstly, a large mini-
mum of the resistance appears at temperature of about 10 K.
Secondly, a partial transition to superconductive state
(straight drop of the whisker resistance takes place at tem-
perature of about 4.2 K). A large minimum of the resis-
tance is likely resulted from the strain inducted metal-in-
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Fig. 2. (Color online) Transverse magnetoresistance of GaSb
whiskers for unstrained (a) and strained (b) samples at tempera-
ture, K: 4.2 (1), 13 (2), 29 (3), 40 (4), 50 (5), 60 (6). AR = Rg - Ry,
where Rg and R are the whisker resistance at non-zero and zero
magnetic field induction, respectively.
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sulator transition (MIT) to insulator phase at temperature
below 11 K. To explain the above effects one can consider
the whiskers magnetoresistance.

Transverse and longitudinal magnetoresistances for
unstrained and strained GaSb whiskers were shown on
Figs. 2(a), (b) and Figs. 3(a), (b), respectively. As seen
from Fig. 2(a), the typical quadratic field dependences
of the whisker transverse magnetoresistance are observed
in temperature range over 4.2 K. At temperatures below
4.2 K a straight rise of the whisker magnetoresistance takes
place in low magnetic fields (see Fig. 2(a)). An application
of strain changes drastically a behavior of the whisker mag-
netoresistance — it becomes negative at small temperatures
in all range of measured temperatures.

The similar behavior of the GaSb whisker magnetore-
sistance is observed when a magnetic field is applied pa-
rallel to current direction in the samples, i.e., for longitudinal
magnetoresistance. For unstrained samples anomal magne-
toresistance occurs only at temperatures 4.2 K and lower
temperatures (see Fig. 3(a)). For strained samples a com-
plex behavior of the whisker magnetoresistance is observed:
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Fig. 3. (Color online) Longitudinal magnetoresistance of GaSh
whiskers at various temperatures for unstrained (a) and strained (b)
samples. Inserts: zero critical magnetic field (a); By versus T8 (b).
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at temperatures below 10 K magnetoresistance rises occur
at low magnetic fields, while at higher temperatures a tran-
sition to negative magnetoresistance on the field depend-
ences of magnetoresistance is observed (see Fig. 3(b)).

4, Discussion

In order to determine an influence of strain on the whis-
ker parameters one can compare the behavior of magne-
toresistance in unstrained and strained samples.

4.1. Unstrained GaSh whisker magnetoresistance

Field dependence of GaSb whisker longitudinal magne-
toresistance below 4.2 K was interpreted as transition in
SC state [22]. An analysis of upper critical magnetic fields
gives zero temperature critical magnetic field 1.1 T for SC
suppression. On the other hand, the upper critical zero mag-
netic field 0.08 T was determined from the data of the whis-
ker magnetic susceptibility, which is in order magnitude
lower than the above one [22]. A big discrepancy between
the data indicates that the main contribution of the magne-
toresistance jump in magnetic fields with intensity 0.1-0.75 T
is not connected with SC. The magnetoresistance behavior
can be connected with two possible reasons: weak localiza-
tion and electron-electron interaction (EEI) or the co-exist-
ing of the above effects [28]. The effect of WL takes place
in diffuse regime when kgTt/h < 1, while in transition and
ballistic regime when kgTt/h > 1 EEI effect prevails [28].
On the other hand, the WL effect occurs at weak magnetic
fields, while EEI effect is observed at strong magnetic
fields [29]. In our study we consider the effect at weak
magnetic fields that indicates the WL effect predominance
in the whiskers. Moreover, very small current (a few pA)
were used in our experiment that hardly results in over-
heating the charge carriers in the whiskers. Therefore, the
most probable reason of the effect is WAL of charge carriers.
Nevertheless, we have observed one more magnetore-
sistance jump at low magnetic fields (see Fig. 3(a)). One
can obtain the upper critical zero magnetic fields from the
magnetoresistance jumps at various temperatures. The results
are provided on the insert of Fig. 3(a) and give B¢y ~ 0.16 T.
The value is comparable with that obtained from magneto-
resistance investigations, which indicates in SC transition
of GaSb whiskers at low magnetic fields.

Therefore, at low temperatures 1.5-4.2 K two effects
could coexist in GaSb whiskers — SC and WAL. Magnetic
field suppressed the above effect. Suppression of SC takes
place at B, ~0.16 T, while suppression of WAL occurs at
By ~1.1T.

4.2. Strained GaSb whisker magnetoresistance

Strain influences GaSb whisker magnetoresistance: lon-
gitudinal magnetoresistance jumps at low magnetic fields
transits to negative magnetoresistance at increase of mag-
netic field intensity. As in the case of unstrained whiskers
first magnetoresistance jump is probably connected with

SC states. The second magnetoresistance jump at higher
magnetic fields is interpreted as WAL, while negative
magnetoresistance observed at further increasing magnetic
field is called by WL of charge carriers. Let us consider the
phenomena in detail.

An analysis of upper critical magnetic fields (see Fig. 4)
gives zero temperature critical magnetic field 0.1 T for SC
suppression. The corresponding results are provided on
insert of Fig. 4. Therefore, strain leads to decrease of SC in
the whiskers, which is observed from the decrease of its
magnetic field suppression.

Taking into account the magnetic flow ®g, one can cal-
culate the superconductive coherence length &

Be = @y / 2182, (6]

where @ is the flux quantum, we obtained superconductor
coherence length & =5 nm.

Analysis of the second jumps of longitudinal magneto-
resistance at low magnetic fields and different tempera-
tures allows us to obtain the upper critical field for break-
down of the spin orientation of charge carriers at their WAL.
The resulting B¢, is obvious on Fig. 5(a) and consists of
0.32T.

The negative magnetoresistance observed at higher mag-
netic fields is likely connected with WL of charge carriers.
One can analyze the field dependency of magnetore-
sistance. As for now, there are experimental results that
proved the satisfaction of the Mott law in heavily doped
semiconductors. It has been shown in [30] that the follow-
ing expression is valid for two different temperatures:
HE 1HE = (T, /T, )1/2, where Hp is the magnetic field, at
which magnetoresistance is equal to zero. According to
theoretical assumptions presented in [17], this magnetic
field is Proportional to the temperature of observation
(Ho ~ T 8) (insert of Fig. 3(b)), that has been evidenced

24F
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Fig. 4. (Color online) Longitudinal magnetoresistance of strained
GaSb whiskers at temperature, K: 1.5 (1), 2 (2), 4.2 (3). Insert:
zero temperature critical magnetic field.
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Fig. 5. Zero critical magnetic field in strained GaSb whiskers for
SC (a) and WAL (b).

during the experimental studies. This fact confirms the Mott
hopping conductivity at B = 0.

Thus, WL is connected with interaction of two carriers
localized on one impurity with opposite spins. Magnetic field
application leads to breakdown of spin ordering which is
accompanied by substantial decrease of the whisker mag-
netoresistance. At certain magnetic field intensity a satura-
tion of the effect occurs that is observed at Fig. 3(b) as mi-
nimum of magnetoresistance.

Let us consider temperature dependences of the whisker
resistance. A comparison of curves 1 and 2 on R(T) depend-
ences for strained and unstrained samples indicates that
strain leads to appearance of metal-insulator transition at
temperature below 10 K (see Fig. 1(b)). One can obtain the
energy activation of the hopping conductance, which was
calculated from In (1/R) = f(1/T) dependency and equal to
0.7 meV.

Taking into account the longitudinal magnetoresistance
of strain GaSb whiskers (Fig. 3(b)) one can obtain the criti-
cal magnetic field for suppression of WL (see Fig. 5(b)).
The value is equal to 0.31 T, which is similar with the criti-
cal magnetic field for breakdown of spins at WAL. Thus,
the effects have the same critical magnetic field suppression.

To describe the nonmonotonic character of magnetore-
sistance of strained GaSb whiskers let us consider three-
dimensional quantum subband electrons. Three electron

subbands (the insert of Fig. 6) were under the consider-
ation. The parabola (1) corresponded to the lowest states
(N1 =Nz = 0), while parabola (2) represented first size
quantized zone (N1 = 0; N = 1), parabola (3) was describ-
ed by quantum numbers (N1 = 1; N2 = 0). Size quantized
band (1) would be twice degenerated without the action of
a magnetic field or strain. Taking into account the above sub-
bands of the size quantized zone, one can explain peculiari-
ties of magnetoresistance dependence in GaSh whiskers on
application of the longitudinal magnetic field (Fig. 6(a)).

Let us consider three cases.

(@) A chemical potential level without the action of
a magnetic field is greatly lower than the bottom of the
subband that was twice degenerated in this case. At in-
crease of magnetic field intensity the chemical potential &g
decreases monotonously, which is accompanied with a rise
of the whisker magnetoresistance (see Fig. 6(a), curve 1).

(b) A chemical potential matches or is slightly below
the bottom of the second subband. Then with increasing
magnetic field B, the chemical potential decreases and the
magnetoresistance initially decreases and then increases
monotonically (Fig. 6(a), curve 2).

(c) A chemical potential is slightly above the bottom of
the second subband. Then with increasing magnetic field
the magnetoresistance first increases and then, when &g
passes the subband bottom, sharply enough falls. With the
further increase in the magnetic field, it grows monoto-
nously (Fig. 6(a), curve 3).

The last case (Fig. 6(a), curve 3) explains quite well the
experimental dependence of the longitudinal magnetore-
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Fig. 6. (a) Theoretical dependences of reduced magnetoresistance
in GaSb whiskers; (b) schematic representation of quantum
subband with a position of chemical potential.
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Fig. 7. (Color online) Activation energy of WAL 0.7 meV in
the temperature range 4-10 K and 10 meV in the temperature
range 50-100 K.

sistance of GaSb whiskers (see for example Fig. 3(b),
curve 2) in small magnetic fields at temperature 4.2 K. So,
strained longitudinal magnetoresistance changes the sign
and crosses from positive to negative at various magnetic
fields. At further increase of temperature T > 10 K the lon-
gitudinal magnetoresistance for strained samples (Fig. 3(b),
curves 3, 4) becomes negative in all range of the magnetic
field according to theoretical data of Fig. 6, curve 2. There-
fore, thermal energy kT leads to transition of chemical po-
tential below the bottom of the second subband. The case (b)
corresponds also to field dependency of transverse magne-
toresistance in the temperature range 4.2-60 K (Fig. 2(b)).
As obvious from Fig. 2(b) at temperature higher than 60 K
the whisker magnetoresistance corresponds to case (a), i.e.,
classical behavior of magnetoresistance. Thermal energy of
the process corresponds to 6 meV. However, still unclear is
the cause of size quantization of electrons in the whiskers
rather large diameter (of the order of tens of microns).

The observed phenomenon could be explained in other
way. Fundamentally, it should be noted that the prevalence
of surface conductance in the specimens as compared with
bulk one. Thus, the whisker growth by chemical vapor
deposition in halogen closed system leads to the increase
of dopant impurity approaching the whisker surface. There
are various parameters that influence impurity distribution.
For instance, gain in impurity doping near the whisker sur-
face might be caused by diffusion of impurities to the sur-
face during the sample annealing after growth.

Provided the assumption of the pervasiveness of surface
conductance in the whisker is accurate, i.e., the main part
of charge carriers transport takes place in the subsurface
layers of the whisker, which can be characterized by effec-
tive wire radial distance dW, it can be concluded that the
magnetoresistance peaks in Fig. 3 are present as a conse-
quence of the classical size effect, where the wire bounda-
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ry scattering is reduced as the cyclotron radius becomes
smaller than the effective wire radial distance, resulting in
a decrease in the resistivity. The same behavior is typical
for the magnetoresistance of InSb whiskers, while the peak
position By, varies linearly with 1/dW as the wire diameter
increases [21]. The possibility of By, occurring is determin-
ed by Bm = 2ckg/EdW, where kg is the wavevector at the
Fermi energy. Effective wire radial distance can be calcu-
lated taking into account obtained Fermi energy E that for
GaSb whiskers ranges within dW ~ 150 nm.

Activation energy of WAL could be estimated taking
into account a WAL temperature disappearing at 10 K (see
Fig. 3(b), curve 3). The estimated value of activation ener-
gy is about 0.8 meV. The value is in good agreement with
the above activation energy obtained from R(T) dependen-
cy 0.7 meV. Thus, strain leads to splitting of degenerate
level on two components with opposite spins (WAL) and
parallel spins (WL). Breakdown of WL occurs at tempera-
tures higher than 60 K, which needs the activation energy
of about 6 meV. On the other hand, activation energy de-
termined from In (1/R) = f(1/T) dependence in the tempera-
ture range 50-100 K consists of 10 meV (Fig. 7) that is in
good accordance the value determined from the magneto-
resistance data.

4. Conclusions

Strain influence on n-type conductivity GaSb whisker
was studied at weak magnetic fields 0-3 T and low tem-
peratures 1.5-60 K. Large minimum revealed on the tem-
perature dependences of resistance at temperature below
11 K corresponds to the strain inducted metal-insulator tran-
sition to insulator phase. On the other hand, straight drop
of the resistance at temperature about 4.2 K connected with
the transition to the superconductive state.

The magnetic field can suppress SC and WAL effects
for unstrained samples in the temperature range 1.5-4.2 K
that allows us to found the upper critical zero magnetic
fields, which consists 0.16 and 1.1 T, respectively. Strain
influence on n-type conductivity GaSbh whisker leads to
suppression of SC and WL effects. The critical magnetic
fields for SC and WL effects coincide and consist of about
0.31 T. Strain also induces splitting of degenerate level on
two components with opposite and parallel spins connected
with WAL and WL effects, respectively. The activation
energy of WAL is equal to 0.7 meV, while it consists of
6 meV in the case of WL effect.
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HapgnposigHicTe Ta cnabka aHTUnNokanisauis
y HUTKONOAIGHMX kpuctanax GaSb nig Bnnveom
nedopmadii

H. Nax-Karyi, A. OpyxuHiH, |. OcTpoBCbkUNA,
KO. XoBepko

Hocnimpkeno BrutB nedopMmartii Ha TOBEAIHKY TeMIIEPaTypHHX
3aJIeKHOCTEH OMOpYy B HUTKOMOAIOHHX Kpucraigax GaSb n-tumy
MPOBIZHOCTI 3 KOHLEHTPALIEIO TEIypy 1,7-1018 cMm . Ha ocHosi
aHaNI3y OUX 3aleXHOCTeH B iHTepBaii Temmneparyp 4,2-30 K Bu-
SIBJICHO 1HAyKOBaHuUil nedopmariiero mepexin Meran—IaieleKTpuK,
a TaKoX Iepexin y HaanpoBixHuii craH. s HenedopMoBaHuX i
nedopMOBaHHX HUTKOMOMIOHMX KpucTaniB GaSb Takox BUBUCHO
TIOTIEpEYHNUIT Ta MO3JOBXKHIH MarHiTOOmip B iHTEpBali MarHITHUX
noniB 0-3 Tn ta Temmeparyp 1,5-60 K, y skux crnocrepirainch
Taki eeKTH, SK HaAMPOBIIHICTH 1 ciabka aHTWIOKamizamis. Bu-
3HAUEHO 3HAYEHHS BEPXHHOTO KPUTHYHOIO MArHiTHOTO IOJIS MPH-
JYLICHHS HaJNpoBigHOCTI B 3paskax GaSb, a TakoX BHSBICHO
nocnabyieHHst epekTy HaaIpOBIAHOCTI BHACTIAOK aedopmariii.
Bcranosneno, mo B HuTKOmoAiOHMX Kpucramax GaSb n-tumy
HPOBIAHOCTI AedopMallis 3yMOBIIIOE PO3LICIUICHHS BUPOHKEHOTO
piBHS Ha [IBi KOMIOHEHTH 3 HapaJieJbHUMH i MPOTHICKHUMHU
CIiHaM, sIKe CIpUYMHEHe edeKTamu cinabKoi Jokamizamii Ta aH-
THJIOKaJTi3amii BiIIOBITHO.

KutouoBi croBa: HutkomoniOHi kpuctanu GaSb, BmmuB aedop-
Marlii, TONEpeYHU Ta IO3J0BXKHIA MAarHiTOOMIp, HAAIPOBII-
HICTh, c1a0bKa JIOKajIi3allis Ta aHTHIOKAITi3allis.

CBepxnpoBoANMOCTb U criabas aHTMnokanmsauus
B HUTEBUAHLIX kpucTannax GaSb nog BnusiHuem

nedgopmauum

H. llax-Karyni, A. OpyxuHuH, N. OcTpoBckui,
KO. XoBepko

HccnenoBano BiusHHe AedopManiy Ha XapakTep TeMmIiepa-
TYPHBIX 3aBHCHMOCTEN CONpPOTUBIICHUS] B HUTEBUAHBIX KpUCTAall-
gax GaSb n-tuma npoBoAMMOCTH C KOHIEHTpauueil Temrypa
1,7-1018 oM. Ha ocHOBe aHanm3a STUX 3aBHCHMOCTEHi B Juarna-
3oHe Temneparyp 4,2-30 K oOHapyxeHB HHIYLUPOBAHHEIN Jie-
(dopmaruel nepexosi METaJUI-ANAJIEKTPUK, a TaKKe Iepexox B
CBepXIIpoBozsmiee cocrosuue. s HeneopMUPOBaHHEIX U Jie-
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N. Liakh-Kaguy, A. Druzhinin, 1. Ostrovskii, and Yu. Khoverko

(hOopMUPOBAaHHBIX HUTEBHIHBIX KpuctaiuoB GaSb rtaxke mccie-
JIOBaHBI IIONEPEYHOE M IPOJOIEHOE MAarHUTOCOIPOTHUBIICHUE B
uHTepBaje MarHUTHHIX nojiei 0-3 Ta u Temnepatyp 1,5-60 K, B
KOTOPBIX HAOMIOJaIuCh Takue 3(QEKTH, KaK CBEPXIPOBOAHU-
MOCTb U cnabas anTuiaokanuzanus. OnpeneneHo 3HaueHHe BepX-
HETO KPUTHYECKOTO MAarHUTHOTO IOJIS TIOJABICHUS CBEPXIIPOBO-
quMocTd B obpasuax GaSb, a Takke yCTaHOBJICHO OClabiieHUE
a¢dekra CBEPXIPOBOAUMOCTH IOJ NeHCTBHEM JedopMarvu.
OOHapyXeHo, YTO B HUTEBUAHBIX KpucTayuiax GaSb n-tuma mpo-

BOJMMOCTH Jie(hopMarius IPUBOAUT K PACIICIUICHHIO BBIPOXK/ICH-
HOT'O YPOBHS HA JIBE KOMIIOHEHTHI C apauIeIbHBIMH U TIPOTHUBO-
MOJIOKHBIMH CIIMHAMH, KOTOpO€ BbI3BaHO 3(ddexramu cnabdoit
JIOKAIU3aLMU U aHTHJIOKAIU3aI[MU COOTBETCTBEHHO.

KiroueBsle cnoBa: HUTeBHIHBIE KpucTawuibl GaSb, BiusHue ne-
(opmManuy, rmonepevHoe U MpoaoIbHOe MarHUTOCONIPOTHBIICHHE,
CBEPXIPOBOAUMOCTB, CIa0ast TIOKATH3ALU U aHTHIOKAIM3AIU.
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